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commercial species in the NE Atlantic with recommendations made to derive information 23 on population biology for stock assessment purposes. However, data on the population 24 biology of this species is limited. In this study, data on the age, growth and maturity of 25 grey gurnard were collected by otter trawling in the coastal waters of northwest Wales and 26 Eastern Anglesey. Total length (TL) of fish sampled ranged between 2.1-33.0 cm (male) 27 and 1.9-36.9 cm (female) with the majority of female (70.8%) fish between 11-20 cm TL 28 and male fish (70.5 %) between 11-18 cm TL. The percentage of fish >20 cm TL was larger 29 for females (30.4%) compared to males (17.6%). Total weight (TW) for female and male 30 grey gurnard in the stratified subsample ranged from 1.9-499.9 g for females and 2.1-390.0 31 g for males, with the majority of female (66.3%) and male (76.1%) fish between 10 and 60 32 g. TL/TW relations for male and female fish and both sexes combined were: TW = 33 0.006TL 3.07 , TW = 0.007TL 3.03 and TW = 0.007TL 3.05 respectively. Age structure (based 34 on otolith reading) ranged between 0.5 and 7.5 years old for females and 0.5 to 5.5 years 35 old for male with the majority of female (41.7%) and male (45.95%) fish aged as 1.5 years 36 old. The age structure of female and male grey gurnards was significantly different with 37 the majority of older fish (> 2.5 years) being female. The von Bertalanffy growth functions 38 were calculated as Lt = 32.4[1-e -0.24(t+1.41) ] for males, Lt = 45.9[1-e -0.16(t+1.37) ] for females 39 and Lt = 44.0[1-e -0.18(t + 1.20.) ] for both sexes combined. Instantaneous rates of total mortality 40 were similar for males and females and the combined Z value 1.00 year -1 with the natural 41 mortality rate estimated as 0.33 year -1 . The size at 50% maturity (L50) was estimated to be 42 25.3 cm TL for males, females and for both sexes combined. Age at 50% maturity (A50) 43 was 3.2 years for both males and females. The results of this study provide the first 44 information on the population biology of E. gurnardus in the Irish Sea, the first detailed 45 study in the NE Atlantic since 1985 and helps to address the data gap identified by ICES 46 in knowledge of the population biology of this species. 47 48 1 | INTRODUCTION 49 The grey gurnard Eutrigla gurnardus L. (Triglidae) is a demersal teleost fish found in the 50 Eastern Atlantic (Norway to Morocco, Madeira, Iceland, including Greenland) and also in 51 the Mediterranean and Black Sea (Froese & Pauly, 2017). Across its range it is commonly 52 found on sandy substrates usually at depths between 10 to 140 m, although it is recorded 53 ICES, 2006) . As interest in all 3 gurnard species has increased, ICES has 73 recommended that landings and discards are monitored and information regarding 74 population biology is obtained for stock assessment purposes, however, information 75 remains limited for all three species (ICES, 2010 (ICES, , 2013 (ICES, , 2014a (ICES, , 2015 (ICES, , 2016 , especially 76 biological data for the grey gurnard (ICES, 2010). A knowledge of ecology and population 77 biology is essential in the development of sustainable management plans for any exploited 78 species (King, 2007) but to the authors' knowledge, there has been no study of the 79 population biology (i.e. patterns of growth, mortality and reproduction) of grey gurnard in 80 the Irish Sea, and no detailed study on the population biology of grey gurnard since Baron 81 (1985a Baron 81 ( , 1985b in the Bay of Douarnenez, France. Therefore, the aims of this study are to 82 provide data on the population biology (specifically the size/age-structure and patterns of 83 growth, maturity and mortality) of grey gurnard Eutrigla gurnardus within the coastal 84 waters of Eastern Anglesey and Northwest Wales. to test for differences between the sexes. The b-values for males and females were also 115 tested against a value of b=3 to test for isometric growth. The age structure of male and 116 female fishes was compared using a chi-squared test. The relationship between mean length 117 at age for male and female grey gurnard was described using the von Bertalanffy growth 118
where Lt is the average TL (cm) at age t (years), k 119 is the growth coefficient (year -1 ), L∞ is the asymptotic total length and to is the theoretical 120 age at length zero (year). The total instantaneous mortality rates (Z, year -1 ) were calculated 121 from the linearised catch curve data (King, 2007) for females and males and the slopes of 122 the regression lines for the log-transformed data were compared using a GLM to test for 123 differences between the sexes. The instantaneous rates of natural mortality (M, year -1 ) were 124 estimated using the Pauly (1980) 
| RESULTS

140
In total, 1268 grey gurnard (732 females and 536 males) were caught with males and 141 females ranging in TL between 2.1-33.0 cm and 1.9-36.9 cm (Figure 2A ) respectively. The 142 majority of female (70.8%) were between 11-20 cm TL and the majority of male fish (70.5 143 %) were between 11-18 cm TL ( Figure 2A ). The percentage of fish >20 cm TL was larger 144 for females (30.4%) compared to males (17.6%). TW for female and male grey gurnard in 145 the stratified subsample ranged from 1.9-499.9 g for females and 2.1-390.0 g for males, 146 with the majority of female (66.3%) and male (76.1%) fish between 10 and 60 g. 147 A total of 1021 fish could be aged (614 female, 407 male) with the age structure ranging 148 between 0.5 and 7.5 years old for females and 0.5 to 5.5 years old for male fish (Figure  149 2B). For both females (41.7%) and males (45.9%), the majority of fish were 1.5 years old. 150
The age structures of female and male grey gurnards in the subsample were significantly 151 different (χ 2 4=34.8, P<0.001), with the older age classes consisting predominantly of 152 female fish ( Figure 2B ). 153 slope values for the log-transformed linearised length-weight data for both female and male 158 grey gurnard were similar (F1,1266=1.33, P=0.25). The length-weight relationship for the 159 combined data was described by TW = 0.007TL 3.05 (SEb=0.015, r 2 =0.970, P<0.001), with 160 the b value significantly different from 3 (t1269=3.0, P<0.001). VBG curves for female and 161 male grey gurnard are presented in Figure 4 with the growth parameters presented in Table  162 1. Female grey gurnard attained a larger L∞ value than males (♀=45.9 cm; ♂=32.4 cm). 163
The growth curve for the combined male and female data is described by Lt = 44.0[1-e -0.18(t 164 + 1.20.) ] (r 2 =0.948, P<0.001). 165
There were no differences in the instantaneous rates of total mortality for males and 166 females ((♀=0.94 year -1 , ♂=1.13 year -1 ; F1,6=4.81, p = 0.07) and the instantaneous rate of 167 total mortality for males and females combined was Z=1.00 year -1 with the instantaneous 168 rates of natural mortality estimated as M=0.33 year -1 and the exploitation ratio as E=0.67. 169
Length maturity ogives for male and female grey gurnard are presented in Figure 5 . The 170 calculated L50 values for female, male and combined sexes were calculated as 25.34 cm 171 (♀), 25.28 cm (♂) and 25.31 cm and the A50 values for female and male grey gurnard were 172 both calculated as 3.2 years respectively. 173
When the population biology data were examined to determine any temporal changes 174
There was no indication of changes in length-weight coefficients over time ( Figure 6A ) 175 and the slope values for the log-transformed linearised length-weight data for the 5-year 176 groupings were similar (F1,1266=0.19, P=0.83; Table 2 ). Decreases in average length 177 (r=0.61, p=0.02), maximum length (r=0.47, p=0.09) ( Figure 2B ) and maximum age 178 ( Figure 2C ) were observed over time but these decreases coincided with an increase in the 179 proportion of inshore fishing conducted in any given year (r=0.54, p=0.04) ( Figure 2D ). 180 VBG curves could not be fitted to the size at age data for each 5 year grouping, however 181 the average size for each time group were similar for each age group (0.5-2.5 years, 182
ANOVAs, all p=0.13-0.56; 3.5-4.5 years, t-tests, p=0.98 and p=0.23 respectively) 183
suggesting that patterns of growth were similar over time ( Figure 6E ). Patterns of maturity 184 appeared similar over time ( Figure 6F Table 3 ), however, the number of published studies where multiple biological parameters, 199 e.g. growth and reproduction, are co-reported is limited to studies in Brittany and the Faroe 200
Islands (Table 1) . 201
The maximum sizes reported in the literature for grey gurnard range from 50-60 cm 202 depending on the population, although these values are for studies published between 1913 203 and 1969 (data from Algeria, English Channel, North Sea and Mediterranean reported in 204 Table 2 of Baron, 1985a) . More recent studies report maximum sizes of ca. 40-46 cm 205 [Brittany, Baron (1985a) ; North Sea and Skaggerak, ICES (2010, 2014c); Bay of Biscay, 206 ICES (2014d); Celtic Sea, ICES (2014b)]. In the present study, grey gurnard in the inshore 207 coastal waters of NW Wales attained a maximum size of 37 cm TL and, since sampling 208 was conducted at <45 m water depth, it is possible that larger fish may be located further 209 offshore in deeper water. However, beam trawl surveys conducted at multiple sites within 210 the Irish Sea report similar TL size-frequency distributions to that observed in the present 211 study with a maximum size of 37 cm TL in Parker-Humphreys (2004) and 34 cm TL in 212 ICES (2014b) indicating that the full size range for the species in the Irish was sampled 213 within the study area. In addition, Parker-Humphreys (2004) presents data on the 214 distribution and abundance of grey gurnards at 66 sites within the Irish Sea indicating that 215 in the eastern Irish Sea grey gurnards are caught at depths < 40 m and so the full depth 216 range over which fish are likely to be found has also been sampled in the present study. 217
Positive allometric growth has been reported in the majority of grey gurnard studies 218 (Tables 1 and 3 ) and average 'a' and 'b' values for the length-weight relationship from 219 these studies are 0.007 and 3.06 respectively. The 'a' and 'b' values obtained for grey 220 gurnard in northwest Wales are similar to this average (Table 1) With the growing interest in gurnard species as MoU species, ICES has recommended 263 that landings and discards are monitored and information on population biology is obtained 264 for stock assessment purposes, however, information remains limited for red, tub and grey 265 gurnards (ICES, 2010 (ICES, , 2013 (ICES, , 2015 (ICES, , 2016 . Previously, gurnard landings were not sorted by 266 species and were often reported as the generic category 'gurnards' and thus, species-267 specific data are only available from countries participating in gurnard fisheries since 2010 268 (ICES, 2015) . The issue of accurately quantifying discard rates for each gurnard species in 269 other demersal fisheries still remains unresolved although discard rates are thought to be 270 very high (ICES, 2015 (ICES, , 2016 . For example, the average discard rate for grey gurnards in 271 the North Sea is estimated at 80% (ICES, 2016). As a result, the management advice 272 provided for grey gurnard is limited and advises a precautionary approach with reduced 273 landings until more detailed information on population biology, stock size, fishing pressure 274 and discard rates are determined as these are currently unknown (ICES 2014b (ICES , 2014c (ICES , 275 2014d (ICES , 2016 . The results of this study provide the first information on the population 276 biology of E. gurnardus in the Irish Sea, the first detailed study in the NE Atlantic since 277 1985 and helps to address the data gap identified by ICES in knowledge of the population 278 biology of this species. 279 280 ACKNOWLEDGEMENTS 281
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